1. Introduction {#s0005}
===============

In a given year, a total of 13--20% of children and adolescents living in the United States experience a mental health disorder, including behavioral or conduct problems, anxiety, and depression ([@b0205]). Poor mental health can interfere with regular daily activities such as relationships and learning and achieving in school ([@b0060], [@b0205], [@b0295]). Further, suicide is the second leading cause of death among adolescents ages 10--19 in the United States ([@b0080]). Adolescents who attempt or die by suicide often suffer from feelings of sadness, hopelessness, depression, or other undiagnosed mental health disorders ([@b0290], [@b0265], [@b0030]).

Modifiable health risk factors, such as smoking, drinking, and using drugs, have been shown to be associated with poor mental health and suicidal behaviors ([@b0250], [@b0115], [@b0165]). However, less research has explored how physical activity, sedentary, and dietary behaviors are associated with mental health and suicidal behaviors among adolescents. Focusing on these modifiable behaviors could help schools identify other strategies to benefit the health and wellbeing of all students, including their mental health outcomes ([@b0070]).

The *Physical Activity Guidelines for Americans,* 2nd edition (Guidelines) recommend adolescents do 60 minutes of moderate-to-vigorous physical activity daily ([@b0275]). As part of their 60 or more minutes of daily physical activity, adolescents should include muscle-strengthening and bone-strengthening physical activity on at least 3 days of the week. However, less than one-third (26.1%) of US high school students are meeting the national recommended minutes of physical activity and just over half (51.1%) are meeting the recommendation for muscle strengthening ([@b0150]). Insufficient physical activity could negatively affect students' physical, social, and psychological well-being ([@b0025], [@b0170], [@b0045], [@b0050], [@b0055]). The Guidelines also indicate that moderate to strong evidence shows that physical activity reduces the risk of depression and depressive symptoms ([@b0275]). In a recent study, an association was found between not meeting the physical activity guidelines and increased suicide ideation ([@b0210]). This is also supported by a meta-analysis finding that physical activity is a promising method for reducing suicide ideation ([@b0285]). Furthermore, associations have been found between not participating in physical activity or in team sports and challenges in developing adolescents' social networks, which has been shown to be protective from anxiety or depression ([@b0110], [@b0235]), and both of these have been shown to be correlated with suicidal thoughts or attempts ([@b0175]).

Sedentary behaviors, which involve low exertion of energy such as behaviors that involve prolonged periods of sitting, also may affect adolescent mental health ([@b0130], [@b0260]). Studies assessing participation in sedentary behaviors, especially TV and social media screen time, indicate greater risk for poor mental health and suicidal behaviors among adolescents ([@b0225]). In addition, increased engagement in sedentary behaviors during adolescence is associated with feeling less connected to parents and peers ([@b0220]). As a result, sedentary behaviors may increase feelings of social isolation, which is a risk factor for poor mental health and suicidal behaviors ([@b0015]). More research is needed to determine how and to what extent sedentary behaviors influence mental health both with and independent of physical activity levels.

Similar to physical activity behaviors, most US adolescents do not meet recommendations for healthy eating ([@b0160]), which has implications for their physical and mental health ([@b0105], [@b0270], [@b0200]). Previous research has shown that unhealthy dietary patterns are associated with depression, low mood, and anxiety among adolescents ([@b0130], [@b0200], [@b0145], [@b0190]). Inadequate intake of breakfast ([@b0120], [@b0005]), and fruit and vegetables ([@b0185]), are associated with depressive symptoms. Additionally, daily soda consumption has been shown to be associated with feeling sad or hopeless, suicide ideation, and suicide attempts ([@b0240]). More research is needed to determine what extent unhealthy dietary behaviors are associated with adolescent mental health.

This study extends the current literature by describing the associations of insufficient physical activity, sedentary, and less healthy dietary behaviors with feelings of sadness or hopelessness, and suicidal thoughts and attempts among US high school students. However, it is not intended to provide any conclusions regarding the direction of the associations but rather to better understand the relationships among these variables that could inform schools of another possible rationale to implement policies and practices that decrease sedentary behaviors and increase physical activity and healthy dietary behaviors among students. Previous studies have only focused on one health behavior, fewer measures of physical activity and dietary behaviors, and previous national recommendations for health behaviors.

2. Methods {#s0010}
==========

2.1. Sample and survey administration {#s0015}
-------------------------------------

The 2017 national Youth Risk Behavior Survey (YRBS) collected cross-sectional data on a wide range of priority health risk behaviors from a nationally representative sample of public and private high school students in grades 9 through 12. The survey used a three-stage probability sampling methodology that has been previously described ([@b0150], [@b0040]). A weighting factor was applied to each student record to adjust for the varying probabilities of selection at each stage of sampling, student non-response, and the oversampling of black and Hispanic students. The questionnaire was administered in the classroom during a regular class period by trained data collectors. Responses were recorded directly on computer-scannable questionnaire booklets or answer sheets. Student participation in the survey was anonymous and voluntary, and local procedures were used to obtain parental consent. The school response rate was 75% and the student response rate was 81%, for an overall response rate of 60%, and a sample size of 14,765. The national YRBS has been reviewed and approved by an IRB at the Centers for Disease Control and Prevention (CDC).

2.2. Measures {#s0020}
-------------

[Table 1](#t0005){ref-type="table"} identifies the questions and analytic coding for each measure included in the analyses. One indicator of mental health, feeling sad and hopeless, was included in the analyses. Two questions assessed suicidal behaviors.Table 1Question and Analytic Coding for Included Mental Health and Suicidal Outcomes and Physical Activity, Sedentary, and Dietary Behaviors, 2017 YRBS.[a](#tblfn1){ref-type="table-fn"}VariableQuestionAnalytic Coding**Mental Health and Suicidal Outcomes**Felt sad and hopelessDuring the past 12 months, did you ever feel so sad or hopeless almost every day for two weeks or more in a row that you stopped doing some usual activities?Yes vs. noSeriously considered attempting suicideDuring the past 12 months, did you ever seriously consider attempting suicide?Yes vs. noAttempted suicideDuring the past 12 months, how many times did you actually attempt suicide?≥1 attempts vs. 0 attempts***Physical activity behaviors***Was not physically active for at least 60 min per day on all 7 days[b](#tblfn2){ref-type="table-fn"}During the past 7 days, on how many days were you physically active for a total of at least 60 min per day? (Add up all the time you spent in any kind of physical activity that increased your heart rate and made you breathe hard some of the time.)Being physically active for at least 60 min \< 7 days (i.e., not meeting the aerobic physical activity guideline) vs. all 7 days (i.e., meeting the aerobic physical activity guideline)Did not do exercises to strengthen or tone muscles on 3 or more days[b](#tblfn2){ref-type="table-fn"}During the past 7 days, on how many days did you do exercises to strengthen or tone your muscles, such as push-ups, sit-ups, or weight lifting?Did exercises to strengthen or tone muscles on \<3 days (i.e., not meeting the muscle strengthening physical activity guideline) vs. ≥3 days (i.e., meeting the muscle strengthening physical activity guideline)Did not attend physical education classes on all 5 days[c](#tblfn3){ref-type="table-fn"}In an average week when you are in school, on how many days do you go to physical education (PE) classes?Attended physical education classes \<5 days vs. all 5 days.Did not play on at least one sports teamDuring the past 12 months, on how many sports teams did you play? (Count any teams run by your school or community groups.)Played on none vs. ≥1 sports team**Sedentary behaviors**Watched television more than 2 h per day[d](#tblfn4){ref-type="table-fn"}On an average school day, how many hours do you watch TV?More than 2 h per day vs. ≤2 hPlayed video or computer games or used a computer more than 2 h per day[d](#tblfn4){ref-type="table-fn"}On an average school day, how many hours do you play video or computer games or use a computer for something that is not school work? (Count time spent on things such as Xbox, PlayStation, an iPad or other tablet, a smartphone, texting, YouTube, Instagram, Facebook, or other social media.)More than 2 h per day vs. ≤2 h**Dietary behaviors**Did not eat breakfast on all 7 daysDuring the past 7 days, on how many days did you eat breakfast?Not all 7 days vs. all 7 daysAte fruit or drank 100% fruit juice less than one time per dayBased on two questions:•During the past 7 days, how many times did you drink 100% fruit juices such as orange juice, apple juice, or grape juice? (Do not count punch, Kool-Aid, sports drinks, or other fruit-flavored drinks.)•During the past 7 days, how many times did you eat fruit? (Do not count fruit juice.)Summed both items to determine total fruit intake and was coded as ate fruit or drank 100% fruit juice less than one time per day vs. ≥1 times per dayAte vegetables less than one time per dayBased on four questions:During the past 7 days, how many times did you eat...•green salad•potatoes? (Do not count french fries, fried potatoes, or potato chips.)•carrots•other vegetables? (Do not count green salad, potatoes, or carrots.)Summed four items to determine total vegetable intake and was coded as ate vegetables less than one time per day vs. ≥1 times per dayDrank soda or pop one or more times per dayDuring the past 7 days, how many times did you drink a can, bottle, or glass of soda or pop, such as Coke, Pepsi, or Sprite? (Do not count diet soda or diet pop.)Drank a can, bottle, or glass of soda or pop one or more times per day vs. did not drink soda or popDrank a sports drink one or more times per dayDuring the past 7 days, how many times did you drink a can, bottle, or glass of a sports drink such as Gatorade or Powerade? (Do not count low-calorie sports drinks such as Propel or G2.)Drank a sports drink one or more times per day vs. did not drink a sports drinkDid not drink three or more glasses of plain water per dayDuring the past 7 days, how many times did you drink a bottle or glass of plain water? (Count tap, bottled, and unflavored sparkling water.)Drank less than three glasses of water per day vs. ≥3 glasses per day[^1][^2][^3][^4]

Four measures of physical activity included daily physical activity, muscle-strengthening activity, physical education, and sports team participation. Two measures of sedentary behaviors focused on screen-time use included television viewing and computer or video game use. Six dietary behaviors included breakfast intake, two questions to determine fruit intake, four questions to determine vegetable intake, intake of soda, intake of sports drink, and water consumption.

Demographic variables included sex, race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, and non-Hispanic other), and grade in school (9th--12th). Body weight status was based on body mass index (BMI) calculated from self-reported height and weight. Based on reference data from growth charts produced by CDC, students with BMI ≥ 95th percentile for sex and age were considered to have obesity; students with 85th ≤ BMI \< 95th percentile were considered to be overweight; students with 5th ≤ BMI \< 85th percentile were considered to be normal weight; and students with BMI \< 5th percentile were considered to be underweight.

2.3. Statistical analysis {#s0025}
-------------------------

All analyses were conducted using SUDAAN (version 11.0.3) to account for the survey\'s complex sampling design. Analyses were stratified by sex because previous research shows differences for male and female adolescents by mental health-related outcomes and dietary and physical activity behaviors. Statistical interaction testing results did not indicate a need to stratify by race/ethnicity, grade in school, or BMI percentile. Chi-squared tests were used to assess significant (p \< 0.05) bivariate differences in mental health-related outcomes and physical activity, sedentary, and dietary behaviors by male and female students. Sex-stratified multiple logistic regressions were used to separately model each mental health-related outcome variable on categorical variables for physical activity, sedentary, and dietary behaviors, while controlling for race/ethnicity, grade, and body weight status. Results from the multivariable analyses are reported as adjusted prevalence ratios (APRs) with 95% confidence intervals. APRs were considered statistically significant if p \< 0.05 or the 95% confidence interval (CI) did not include 1.0.

3. Results {#s0030}
==========

3.1. Sample description {#s0035}
-----------------------

The overall sample was 14,765 US high school students with approximately half females (50.7%). A total of 53.5% were non-Hispanic white, 13.4% were non-Hispanic black, 22.8% were Hispanic, and 10.3% were non-Hispanic other. The sample was distributed across the grades in school, 27.3% were in 9th grade, 25.6% in 10th, 23.9% in 11th, and 23.0% in 12th. Most US high students had a normal body weight (66.6%), 15.6% were overweight, 14.8% had obesity, and 3.0% were underweight. The analytic sample varied for each model due to missing data from listwise deletion (see [Table 3](#t0015){ref-type="table"}, [Table 4](#t0020){ref-type="table"} for analytic sample sizes).Table 2Mental Health and Suicidal Outcomes and Physical Activity, Sedentary, and Dietary Behaviors by Sex Among U.S. High School Students, 2017 YRBS.Overall (14,765)Females (n = 7526)Males (n = 7112)Outcomes and Behaviorsn%n%n%P Value[a](#tblfn5){ref-type="table-fn"}**Mental Health and Suicidal Outcomes**Felt sad and hopeless[b](#tblfn6){ref-type="table-fn"}, [c](#tblfn7){ref-type="table-fn"}463131.5305941.1151921.4\<0.001Seriously considered attempting suicide[b](#tblfn6){ref-type="table-fn"}257117.2168422.184811.9\<0.001Attempted suicide[b](#tblfn6){ref-type="table-fn"}8377.45419.32785.1\<0.001  **Physical Activity Behaviors**Was not physically active for at least 60 min per day on all 7 days (did not meet the aerobic physical activity guideline)[d](#tblfn8){ref-type="table-fn"}, [e](#tblfn9){ref-type="table-fn"}10,79673.8613182.5456564.7\<0.001Did not do exercises to strengthen or tone muscles on 3 or more days[d](#tblfn8){ref-type="table-fn"}, [f](#tblfn10){ref-type="table-fn"}538949.9331559.2202337.9\<0.001Did not attend physical education classes on all 5 days10,36170.1561674.7465565.3\<0.001Did not play on at least one sports team[b](#tblfn6){ref-type="table-fn"}, [g](#tblfn11){ref-type="table-fn"}530745.7295050.7231240.30.001  **Sedentary Behaviors**Watched television more than 2 h per day[h](#tblfn12){ref-type="table-fn"}307720.7155620.6149820.80.82Played video or computer games or used a computer more than 2 h per day[h](#tblfn12){ref-type="table-fn"}, [i](#tblfn13){ref-type="table-fn"}598443.0304443.1289043.00.95**Dietary Behaviors**Did not eat breakfast on all 7 days[d](#tblfn8){ref-type="table-fn"}778364.7422669.0349160.1\<0.001Ate fruit or drink 100% fruit juice less than one time per day[d](#tblfn8){ref-type="table-fn"}, [j](#tblfn14){ref-type="table-fn"}588939.3318841.9265636.7\<0.001Ate vegetables less than one time per day[d](#tblfn8){ref-type="table-fn"}, [k](#tblfn15){ref-type="table-fn"}580740.6302340.7274140.60.90Drank soda or pop one or more times per day[d](#tblfn8){ref-type="table-fn"}, [l](#tblfn16){ref-type="table-fn"}265018.7112415.4150322.3\<0.001Drank sports drink one or more times per day[d](#tblfn8){ref-type="table-fn"}, [m](#tblfn17){ref-type="table-fn"}140112.44918.2690016.9\<0.001Drank less than three glasses of water per day[d](#tblfn8){ref-type="table-fn"}, [n](#tblfn18){ref-type="table-fn"}528448.7274348.8249548.60.80[^5][^6][^7][^8][^9][^10][^11][^12][^13][^14][^15][^16][^17][^18]Table 3Association between Physical Activity and Sedentary Behaviors and Felt Sad and Hopeless, Seriously Considered Attempting Suicide, and Attempted Suicide Among U.S. High School Students, 2017 YRBS.Felt Sad and Hopeless^a^Seriously Considered Attempting Suicide^a^Attempted Suicide^a^Regression ModelFemale n = 5628[b](#tblfn19){ref-type="table-fn"}Male n = 5290[b](#tblfn19){ref-type="table-fn"}Female n = 5610[b](#tblfn19){ref-type="table-fn"}Male n = 5278[b](#tblfn19){ref-type="table-fn"}Female n = 5180[b](#tblfn19){ref-type="table-fn"}Male n = 4740[b](#tblfn19){ref-type="table-fn"}Independent Variables%APR (95% CI)%APR (95% CI)%APR (95% CI)%APR (95% CI)%APR (95% CI)%APR (95% CI)Was not physically active for at least 60 min per day on all 7 days (did not meet the aerobic physical activity guideline)[c](#tblfn20){ref-type="table-fn"}, [d](#tblfn21){ref-type="table-fn"}\
Yes\
41.40.98\
(0.87--1.10)\
23.3\
**1.23\***\
(1.04--1.45)\
23.2\
**1.35\***\
(1.03--1.77)\
13.9**1.36\*\***\
(1.11--1.66)9.31.00\
(0.72--1.38)\
5.51.16\
(0.82--1.64)\
No\
40.01.0\
(ref)\
17.31.0\
(ref)\
17.3\
1.0\
(ref)\
8.71.0\
(ref)9.31.0\
(ref)\
4.31.0\
(ref)Did not do exercises to strengthen or tone muscles on 3 or more days[c](#tblfn20){ref-type="table-fn"}, [e](#tblfn22){ref-type="table-fn"}\
Yes\
41.50.96\
(0.86--1.07)\
23.50.92\
(0.78--1.08)\
23.40.92\
(0.80--1.07)\
14.20.98\
(0.79--1.22)8.90.84\
(0.66--1.06)\
5.20.92\
(0.57--1.48)\
No\
41.21.0\
(ref)\
19.91.0\
\
(ref)\
21.51.0\
(ref)\
10.61.0\
(ref)9.81.0\
(ref)\
4.41.0\
(ref)Did not attend physical education classes on all 5 days\
Yes\
41.01.02\
(0.89--1.15)\
22.71.19\
(0.99--1.43)\
22.31.11\
(0.93--1.33)\
13.01.10\
(0.90--1.35)9.11.12\
(0.78--1.60)\
4.70.84\
(0.60--1.18)\
No\
41.41.0\
(ref)\
18.51.0\
(ref)\
21.41.0\
(ref)\
10.21.0\
(ref)9.71.0\
(ref)\
5.61.0\
(ref)Did not play on at least one sports team[f](#tblfn23){ref-type="table-fn"}, [g](#tblfn24){ref-type="table-fn"}\
Yes\
44.3**1.16\***\
(1.02--1.33)\
24.3**1.18\***\
(1.04--1.35)\
23.91.10\
(0.91--1.32)\
14.31.16\
(0.91--1.49)9.71.20\
(0.89--1.61)\
5.21.11\
(0.80--1.54)\
No\
\
38.11.0\
(ref)\
18.91.0\
(ref)\
20.41.0\
(ref)\
10.41.0\
(ref)8.61.0\
(ref)\
4.61.0\
(ref)Watched television more than 2 h per day[h](#tblfn25){ref-type="table-fn"}\
Yes\
46.21.08\
(0.97--1.20)\
21.00.93\
(0.75--1.14)\
27.21.18\
(1.00--1.40)\
12.11.00\
(0.74--1.36)14.7**1.55\***\
(1.19--2.01)\
7.5**1.73**[i](#tblfn26){ref-type="table-fn"}\
(1.07--2.79)\
No\
39.61.0\
(ref)\
21.11.0\
(ref)\
20.71.0\
(ref)\
11.81.0\
(ref)7.81.0\
(ref)\
4.11.0\
(ref)Played video or computer games or used a computer more than 2 h per day[h](#tblfn25){ref-type="table-fn"}, [j](#tblfn27){ref-type="table-fn"}\
Yes\
46.4**1.21\*\*\***\
(1.09--1.34)\
24.6**1.30\*\*\***\
(1.13--1.50)\
27.2**1.42\*\*\***\
(1.25--1.63)\
15.0**1.58\*\*\***\
(1.32--1.90)11.31.33\
(0.98--1.79)\
6.3**1.56\***\
(1.04--2.33)\
No\
36.91.0\
(ref)\
18.51.0\
(ref)\
18.31.0\
(ref)\
9.61.0\
(ref)7.51.0\
(ref)\
3.71.0\
(ref)[^19][^20][^21][^22][^23][^24][^25][^26][^27][^28][^29][^30]Table 4Association between Dietary Behaviors and Felt Sad and Hopeless, Seriously Considered Attempting Suicide, and Attempted Suicide Among U.S. High School Students, 2017 YRBS.Felt Sad and Hopeless[a](#tblfn28){ref-type="table-fn"}Seriously Considered Attempting Suicide[a](#tblfn28){ref-type="table-fn"}Attempted Suicide[a](#tblfn28){ref-type="table-fn"}Regression ModelFemale n = 5632[b](#tblfn29){ref-type="table-fn"}Male n = 5320[b](#tblfn29){ref-type="table-fn"}Female n = 5618[b](#tblfn29){ref-type="table-fn"}Male n = 5308[b](#tblfn29){ref-type="table-fn"}Female n = 5191[b](#tblfn29){ref-type="table-fn"}Male n = 4755[b](#tblfn29){ref-type="table-fn"}Independent Variables%APR (95% CI)%APR (95% CI)%APR (95% CI)%APR (95% CI)%APR (95% CI)%APR (95% CI)Did not eat breakfast on all 7 days[c](#tblfn30){ref-type="table-fn"}Yes46.2**1.48\*\*\***\
(1.33--1.64)24.9**1.59\*\*\***\
(1.26--2.00)24.8**1.50\*\*\***\
(1.35--1.67)14.7**1.76\*\*\***\
(1.36--2.29)11.0**2.11\*\*\***\
(1.52--2.93)6.2**1.98\*\***\
(1.23--3.19)No30.11.0\
(ref)15.41.0\
(ref)16.31.0\
(ref)7.61.0\
(ref)5.31.0\
(ref)3.01.0\
(ref)Ate fruit or drink 100% fruit juice less than one time per day[c](#tblfn30){ref-type="table-fn"}, [d](#tblfn31){ref-type="table-fn"}Yes41.00.95\
(0.88--1.03)22.51.07\
(0.93--1.24)22.61.01\
(0.88--1.16)13.31.15\
(0.97--1.36)8.30.83\
(0.64--1.07)5.31.13\
(0.84--1.52)No41.11.0\
(ref)20.71.0\
(ref)21.91.0\
(ref)11.11.0\
(ref)10.01.0\
(ref)4.81.0\
(ref)Ate vegetables less than one time per day[c](#tblfn30){ref-type="table-fn"}, [e](#tblfn32){ref-type="table-fn"}Yes42.21.02\
(0.93--1.12)20.20.88\
(0.75--1.03)22.21.00\
(0.87--1.16)11.00.82\
(0.665--1.01)9.20.97\
(0.82--1.16)4.40.72\
(0.46--1.13)No40.21.0\
(ref)21.81.0\
(ref)22.11.0\
(ref)12.41.0\
(ref)9.31.0\
(ref)4.81.0\
(ref)Drank soda or pop one or more times per day[c](#tblfn30){ref-type="table-fn"}, [f](#tblfn33){ref-type="table-fn"}Yes51.3**1.27\*\*\***\
(1.16--1.38)25.21.17\
(0.96--1.43)28.5**1.36\*\*\***\
(1.18--1.56)14.71.20\
(0.92--1.56)15.0**1.56\*\***\
(1.22--2.00)8.0**1.70\***\
(1.12--2.58)No39.21.0\
(ref)20.21.0\
(ref)20.91.0\
(ref)11.21.0\
(ref)8.31.0\
(ref)4.11.0\
(ref)Drank a sports drink one or more times per day[c](#tblfn30){ref-type="table-fn"}, [g](#tblfn34){ref-type="table-fn"}Yes51.11.09\
(0.93--1.27)20.80.91\
(0.70--1.18)26.11.00\
(0.82--1.21)12.40.97\
(0.73--1.30)17.7**1.50**[h](#tblfn35){ref-type="table-fn"}\
(1.01--2.23)8.6**1.57\***\
(1.17--2.12)No40.31.0\
(ref)21.11.0\
(ref)21.81.0\
(ref)11.71.0\
(ref)8.51.0\
(ref)3.91.0\
(ref)Drank less than three glasses of water per day[c](#tblfn30){ref-type="table-fn"}, [i](#tblfn36){ref-type="table-fn"}Yes41.60.96\
(0.87--1.06)21.81.01\
(0.86--1.17)22.10.90\
(0.77--1.05)13.11.14\
(0.93--1.41)9.20.86\
(0.69--1.07)5.21.23\
(0.89--1.71)No41.11.0\
(ref)20.61.0\
(ref)23.11.0\
(ref)10.71.0\
(ref)9.41.0\
(ref)4.11.0\
(ref)[^31][^32][^33][^34][^35][^36][^37][^38][^39][^40][^41][^42]

[Table 2](#t0010){ref-type="table"} provides the prevalence estimates and chi-squared p-values of the mental health and suicide-related outcomes and health-related behaviors stratified by sex. Female students compared with male students had significantly higher prevalence rates for feeling sad or hopeless, suicidal thoughts, and suicide attempts. All outcomes and health behaviors were significantly different for males and females except for two of the dietary behaviors and both sedentary behaviors.

Female students compared with male students had significantly higher prevalence of all the insufficient physical activity behaviors. Female students compared to male students had significantly higher prevalence rates for not eating breakfast and for eating fruit or drinking 100% fruit juice. Whereas male students compared to female students had significantly higher prevalence rates for drinking soda or pop and drinking sports drinks.

3.2. Associations of physical activity and sedentary behaviors with mental health and suicidal outcomes {#s0040}
-------------------------------------------------------------------------------------------------------

Male students who did not meet the aerobic physical activity guideline were 23% more likely to feel sad and hopeless than those who did ([Table 3](#t0015){ref-type="table"}). Female and male students who did not play on at least one sports team compared to those who did were 16% and 18%, respectively, more likely to feel sad and hopeless. Female and male students who played video or computer games or used a computer more than two hours per day compared to those who did not were more likely to feel sad and hopeless.

Female and male students who did not meet the aerobic physical activity guideline compared to those who did were 35% and 36%, respectively, more likely to have seriously considered attempting suicide. In addition, female and male students who played video or computer games or used a computer more than two hours per day compared to those who did not were 42% and 58%, respectively, more likely to have seriously considered attempting suicide.

None of the physical activity behaviors were significantly associated with suicide attempts. However, female and male students who watched television more than two hours per day compared to those who did not were 55% and 73%, respectively, more likely to have attempted suicide. Furthermore, male students who played video or computer games or used a computer more than two hours per day compared to those who did not were 56% more likely to have attempted suicide.

3.3. Associations of dietary behaviors with mental health and suicidal outcomes {#s0045}
-------------------------------------------------------------------------------

Female and male students who did not eat breakfast on all 7 days were 48% and 59%, respectively, more likely to feel sad and hopeless compared to those who did ([Table 4](#t0020){ref-type="table"}). Female students who drank soda or pop one or more times per day in the last 7 days compared to those who did not were 27% more likely to feel sad and hopeless.

Female and male students who did not eat breakfast on all 7 days compared to those who did were 50% and 76%, respectively, more likely to have seriously considered attempting suicide. In addition, female students who drank soda pop one or more times per day compared to those who did not were 36% more likely to have seriously considered attempting suicide.

Female students who did not eat breakfast on all 7 days compared to those who did were more than 2 times as likely to have attempted suicide. Similarly, male students who did not eat breakfast on all 7 days compared to those who did were almost 2 times more likely to have attempted suicide. Both female and male students who drank soda or pop one or more times per day compared to those who did not were 56% and 70%, respectively, more likely to have attempted suicide. In addition, female and male students who drank a sports drink one or more times per day compared to those who did not were 50% and 57%, respectively, more likely to have attempted suicide.

4. Discussion {#s0050}
=============

Mental health and suicidal behaviors among adolescents are a national concern ([@b0180]). As a result, Healthy People 2020 created two objectives to address these behaviors, which include "reduce suicide attempts by adolescents" and "reduce the proportion of adolescents aged 12--17 years who experience major depressive episodes" ([@b0195]). Understanding the modifiable risk factors that affect mental health and suicidal behaviors can inform parents, schools, and communities about the types of activities that promote student health and wellbeing. While this study did not make any conclusions about the direction of the results, it did find different associations between insufficient physical activity, sedentary, and less healthy dietary behaviors and feelings of sadness or hopelessness and suicidal thoughts and attempts. Furthermore, the findings indicated that there are differences for female and male students.

4.1. Physical activity and sedentary behaviors {#s0055}
----------------------------------------------

Previous research has found associations between adolescents who participated in daily physical activity and considering attempting suicide ([@b0045], [@b0050]). The current study found a similar inverse association, showing that male and female students who were *not* physically active for at least 60 min daily were more likely to seriously consider attempting suicide. Although previous studies have shown a significant association between physical activity and attempted suicide ([@b0050], [@b0230]), the current study did not find this association. Studies that have found this association examined vigorous activity among adolescents on various number of days of doing physical activity ([@b0050], [@b0230]), while this study examined self-reported moderate and vigorous physical activity combined and on all 7 days, which aligns with national guidance. In addition, the only sex difference found for physical activity was that male students who did not meet the aerobic physical activity guideline were more likely to feel sad and hopeless. This finding might be explained by the support males get from family, friends, and school environments to be more physically active, which in turn might have a stronger influence on their self-efficacy and level of enjoyment ([@b0215]), and ultimately, their overall feelings and emotions.

In addition, the current study did not find a significant association between sports participation and suicidal behaviors as other studies have shown ([@b0050], [@b0125], [@b0245]). However, there was a significant association for both male and female students that showed not playing on a sports team increased their likelihood of feeling sad and hopeless, which supports the social benefits of playing on a sports team and demonstrates a possible protective effect. The 2019 release of the *National Youth Sports Strategy* also underscores the physical activity, psychosocial, and academic achievement benefits of sports team participation ([@b0280]). Although physical education attendance was not significantly associated with mental health outcomes, it is the cornerstone for Comprehensive School Physical Activity Programs, which serves as a national framework for physical education and physical activity in schools ([@b0085]). However, only 4% of schools nationwide require daily physical education for all students K-12 ([@b0075]), suggesting opportunities exist for improving adolescents' attendance in physical education and ultimately increasing daily physical activity.

Adolescents who engage in the recommended levels of daily physical activity can still be at risk for high levels of sedentary behaviors at other times during the day, subsequently leading to increased risk for undesirable health outcomes ([@b0260]). Previous studies have found associations between adolescent sedentary behaviors and poor mental health outcomes, including depression, though some findings have been mixed ([@b0020], [@b0255]). In this study, playing video games or using the computer for more than two hours per day was significantly associated with greater likelihood of feeling sad and hopeless and seriously considering suicide. Prolonged periods of engaging in sedentary activities can increase social isolation and feelings of loneliness, which are associated with suicidal thoughts and behaviors ([@b0015]). The observed sex differences for the associations between video game and computer usage and suicide attempts highlight the importance of considering other factors such as social media engagement and video game content. Further exploring the types of video games and websites accessed on computers and the ways in which adolescents engage in video gaming and other media might inform differences between female and male adolescents and differential effects on their mental health ([@b0100]).

4.2. Dietary behaviors {#s0060}
----------------------

Similar to findings from previous research, the current study found associations between skipping breakfast and increased risk of mental health related outcomes among males and females. Individuals who feel sad and hopeless or experience other mental health issues may be more likely to skip meals because of low appetite or as a dieting strategy. Alternatively, skipping breakfast could lead to lower calorie intake which may contribute to depressed mood ([@b0120]). Further, natural shifts in sleep patterns among adolescents might also lead to breakfast skipping ([@b0095]). Efforts to support healthy eating behaviors are needed at multiple levels ([@b0270]). For example, schools can support healthy eating behaviors, including regular consumption of breakfast by participating in the federal school meal programs (e.g., School Breakfast Program), and offering second chance breakfast during morning break at school.

This study also found associations between consuming soda one or more times per day and all three mental health and suicidal outcomes among females. Interestingly, after adjusting for covariates, among males, consuming soda was only associated with having attempted suicide. It is not clear why these differences between female and male students exist. Other research has shown associations between soda intake and similar mental health related outcomes in adolescents but did not stratify results by sex ([@b0240]). Research has also shown associations between caffeine consumption and depressive symptoms in both male and female adolescents ([@b0120]). This study was not able to distinguish between caffeinated and non-caffeinated sodas. The American Academy of Pediatrics states that caffeine use among all children should be discouraged ([@b0065]). Although the Smart Snacks in School nutrition standards allow high schools to sell low calorie caffeinated beverages (e.g., diet soda), school districts can establish nutrition standards that specifically address the sale of caffeinated beverages.

One finding that warrants further research is the association between consuming sports drinks one or more times per day and having attempted suicide among females and males. Sports drinks typically contain added sugar and electrolytes, but do not contain caffeine ([@b0065]). However, it is possible that YRBS participants are including energy drinks, which contain added caffeine and other stimulants, when asked about sports drink consumption. These two types of beverages are often confused ([@b0065]), and could affect the results of the analysis.

4.3. Limitations {#s0065}
----------------

A few key limitations should be noted. The cross-sectional data used in these analyses do not allow for conclusions regarding the direction of the modeled associations. Specifically, the correlations in this current study do not show causation. While adolescents who have insufficient physical activity and engage in sedentary and less healthy dietary behaviors may experience poor mental health and suicidal thoughts and behaviors, it is also true that adolescents with poor mental health and suicidal thoughts and behaviors might be less likely to engage in healthy behaviors. Depression also could lead to the social withdrawal, lessened activity, and impact on eating behaviors. However, previous evidence has shown support for a causal association from sedentary behavior to depression ([@b0090]). Longitudinal studies are needed to identify potential cause-and-effect associations between modifiable health risk behaviors and mental health and suicidal behaviors.

While many of the statistically significant effects were small in magnitude, the associations were consistent with previous findings. Additional variables that explain personal (e.g., self-efficacy) and contextual (e.g., peer and parent support) factors of health behaviors might yield greater effects and may be considered in future research. In addition, data came from a single survey so associations could represent a shared response bias. Further, the results are based on student self-report responses to self-administered questionnaires, raising the possibility of reporting error or social-desirability bias, and single-item assessments of suicide attempts seem to be problematic ([@b0135], [@b0140]). However, YRBS questionnaire items generally demonstrate good test--retest reliability ([@b0040]). CDC also reviewed existing empiric literature to assess cognitive and situational factors that might affect the validity of adolescent self-reporting of behaviors ([@b0040]). Family socioeconomic status was not available but could potentially be a confounder. Results also could be biased by using listwise deletion and not including adolescents who are out of school who may be at higher risk of poor mental health outcomes.

Finally, a greater precision of measurement could be used to assess physical activity, dietary behaviors, sedentary behaviors, and medical record information documenting mental health and suicidal behaviors or more comprehensive scales for these behaviors. Given these limitations, the data should be interpreted cautiously. However, the results of this study reveal potentially important associations between modifiable health risk behaviors and mental health and suicidal behaviors.

5. Conclusion {#s0070}
=============

Promoting physical activity and healthy eating and limiting sedentary behaviors may be useful school and community interventions that reinforce protective factors, which can be beneficial to the mental health of all adolescents. School health teams can lead these efforts to ensure policies and practices are in place to promote physical activity and healthy dietary behaviors while limiting sedentary behaviors (CDC, 2011). These policies and practices can be addressed within the Whole School, Whole Community, Whole Child Model, which demonstrates the interconnectedness of multiple health behaviors and promotes collaboration among a variety of partners such as mental health professionals, school leaders, school nurses, physical and health educators, and parents to promote the health and well-being of all students including students with disabilities ([@b0010]). Equipping students with the knowledge, skills, and opportunities to practice being physically active, eating healthy, and avoid being sedentary could help them better manage stress, anxiety, depression, or other mental health disorders they are experiencing, which in turn will improve the students' well-being and school experience.
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[^1]: The questions and responses are from the 2017 National Youth Risk Behavior Survey at <https://www.cdc.gov/healthyyouth/data/yrbs/pdf/2017/2017_yrbs_national_hs_questionnaire.pdf>.

[^2]: Measure aligns with *The Physical Activity Guidelines for Americans, 2nd edition*.

[^3]: Measure aligns with CDC's school health guidelines.

[^4]: The American Academy of Pediatrics recommends placing consistent limits on the time spent using media and the types of media for adolescents and ensuring that media does not take the place of adequate sleep, physical activity, and other behaviors essential to health. The cut point for these variables is based on previous guidance of "2 h or less," which has been used in previous studies.

[^5]: Chi-square. Difference between females and males.

[^6]: During the past 12 months.

[^7]: Almost every day for two weeks or more in a row that you stopped doing some usual activities.

[^8]: During the past 7 days.

[^9]: Adding up time spent in any kind of physical activity that increased their heart rate and made them breathe hard some of the time.

[^10]: Such as push-ups, sit-ups, or weight lifting.

[^11]: Counting any teams run by their school or community groups, during the 12 months before the survey.

[^12]: On an average school day.

[^13]: Counting time spent on things such as Xbox, PlayStation, an iPad or other tablet, a smartphone, texting, YouTube, Instagram, Facebook, or other social media.

[^14]: This variable included two questions: how many times did you drink 100% fruit juices such as orange juice, apple juice, or grape juice? (Do not count punch, Kool-Aid, sports drinks, or other fruit-flavored drinks) and how many times did you eat fruit? (Do not count fruit juice).

[^15]: This variable included four questions: how many times did you eat green salad?, how many times did you eat potatoes? (Do not count French fries, fried potatoes, or potato chips), how many times did you eat carrots?, and how many times did you eat other vegetables? (Do not count green salad, potatoes, or carrots).

[^16]: Such as Coke, Pepsi, or Sprite, not counting diet soda or diet pop.

[^17]: Such as Gatorade or PowerAde, not counting low-calorie sports drinks such as Propel water or G2.

[^18]: Counting tap, bottled, and unflavored sparkling water.

[^19]: APR = adjusted prevalence ratio; CI = confidence interval; YRBS = Youth Risk Behavior Survey.

[^20]: Regression models assessing the associations between physical activity and sedentary behaviors (independent variables) and mental health-related behaviors (dependent variables), included all physical activity and sedentary behaviors, plus controlling for race/ethnicity, grade, and body weight status. ^a^Model adjusted for race/ethnicity, grade in school, and BMI percentile.

[^21]: \*p ≤ 0.05; \*\*p ≤ 0.01; \*\*\*p ≤ 0.001.

[^22]: The weighted analytic sample for this model.

[^23]: During the past 7 days.

[^24]: Adding up time spent in any kind of physical activity that increased their heart rate and made them breathe hard some of the time.

[^25]: Such as push-ups, sit-ups, or weight lifting.

[^26]: During the past 12 months.

[^27]: Counting any teams run by their school or community groups, during the 12 months before the survey.

[^28]: On an average school day.

[^29]: p = 0.06, but the 95% confidence interval (CI) did not include 1.0 so is still considered statistically significant.

[^30]: Counting time spent on things such as Xbox, PlayStation, an iPad or other tablet, a smartphone, texting, YouTube, Instagram, Facebook, or other social media.

[^31]: APR = adjusted prevalence ratio; CI = confidence interval; YRBS = Youth Risk Behavior Survey.

[^32]: Regression models assessing the associations between dietary behaviors (independent variables) and mental health-related behaviors (dependent variables), included all dietary behaviors, plus controlling for race/ethnicity, grade, and body weight status.

[^33]: \*p ≤ 0.05; \*\*p ≤ 0.01; \*\*\*p ≤ 0.001.

[^34]: Model adjusted for race/ethnicity, grade in school, and BMI percentile.

[^35]: The weighted analytic sample for this model.

[^36]: During the past 7 days.

[^37]: This variable included two questions: how many times did you drink 100% fruit juices such as orange juice, apple juice, or grape juice? (do not count punch, Kool-Aid, sports drinks, or other fruit-flavored drinks) and how many times did you eat fruit? (do not count fruit juice).

[^38]: This variable included four questions: how many times did you eat green salad?, how many times did you eat potatoes? (do not count french fries, fried potatoes, or potato chips), how many times did you eat carrots?, and how many times did you eat other vegetables? (do not count green salad, potatoes, or carrots).

[^39]: Such as Coke, Pepsi, or Sprite, not counting diet soda or diet pop.

[^40]: Such as Gatorade or PowerAde, not counting low-calorie sports drinks such as Propel water or G2.

[^41]: p = 0.07, but the 95% confidence interval (CI) did not include 1.0 so is still considered statistically significant.

[^42]: Counting tap, bottled, and unflavored sparkling water.
